We wished to determine how pulsed-field gel electrophoresis may be of use in monitoring methicillin-resistant Staphylococcus aureus (MRSA) outbreaks in the intensive care unit (ICU). A retrospective epidemiological analysis was conducted. All 27 ICU patients and 11 patients from other hospital wards from whom MRSA was isolated over a one year period were included in the study. Seventeen of the 27 ICU MRSA isolates were analysed by pulsed-field gel electrophoresis for clonality and compared with the 11 other hospital isolates genotypes over the same period. During three MRSA outbreaks, five MRSA genotypes were identified in ICU whilst the same five genotypes and three additional were found in the rest of the hospital. Pulsed-field gel electrophoresis analysis was useful in identifying clonality of ICU MRSA infections and establishing that they were imported from hospital wards, rather than arising de novo in ICU. We were further able to identify clonal clusters within the unit linked by temporal and geographical proximity, suggestive of cross-infection. Pulsed-field gel electrophoresis typing might be additionally useful in tracing the source of human and/or environmental factors if a genotype were persistently identified.
There is increasing evidence for local, regional and global spread of genotypically similar methicillinresistant Staphylococcus aureus (MRSA) organisms [1] [2] [3] [4] [5] [6] . Pulsed-field gel electrophoresis (PFGE) has emerged in the last decade as the most sensitive method of genotyping MRSA strains. Since outbreaks of multidrug-resistant organisms including MRSA in the intensive care setting have yet to be studied over time to follow their evolution, we genotyped by PFGE most MRSA organisms in our Intensive Care Unit (ICU) over a one year period to look for clusters of infections and patterns of spread. Our ICU is a 14-bed unit with individual patient rooms serving a tertiary referral hospital of 641 beds with a catchment population of approximately half a million. Three apparent outbreak clusters of MRSA infections/ colonizations isolated in time occurred in our ICU between July 1, 1997 and June 30, 1998 . We wished to determine how the results from this typing method could be used to monitor ICU MRSA epidemic outbreaks.
MATERIALS AND METHODS
We defined an outbreak of MRSA in our ICU as starting with two or more cases detected within one week in patients who have spent more than 48 hours in the unit prior to detection or who became MRSA positive within 48 hours of discharge, and finishing with the absence of new MRSA cases in the unit for one week. With this definition, three such outbreak periods were identified in our unit between July and September 1997 (10 weeks), October and December 1997 (eight weeks) and February and March 1998 (three weeks). Specimens were taken from potentially infected patients who were persistently pyrexial (>38.5°C) in accordance with unit policy. These were cultured in enriched blood and agar media. Nasal and perineal swabs of all patients who had been in the ICU for five or more days were obtained at the onset and the offset of outbreak periods. Environmental swabs were taken of ICU cubicle furnishings, fittings, air-conditioning vents and patient ventilators from three MRSA positive patients and three MRSA negative patients in the first outbreak cluster were obtained. Isolates of Staphylococcus aureus were routinely tested against penicillin, methicillin, fusidic acid, vancomycin, minocycline, ciprofloxacin, erythromycin and rifampicin. Specimens were stored at -80°C. MRSA isolates were initially subjected to PFGE based on the method of Curran et al 7 . A restriction endonuclease Sma1 cut the MRSA genome into relatively large fragments of 10 to 1000 kilobases. These were subjected to electrophoresis through an agar gel medium which aligned the fragments into banded patterns according to their electrophoretic mobility. Variable electrical fields were used to maximize electrophoretic properties of these relatively large fragments 4 . Comparison of banding patterns may distinguish small alterations in genotypic sequence. The isolates were compared according to the criteria of Tenover et al 8 . Those specimens with three or less bands' difference were considered to be of the same strain. Four or more bands' difference were considered to be a different PFGE type. After the third outbreak, all available specimens were subjected to PFGE simultaneously to ensure standardization of typing. We considered patients as "infected" with MRSA if they grew positive cultures and showed signs of a systemic inflammatory response to MRSA as defined by Bone et al 9 . Patients with positive cultures but without systemic signs were deemed "colonized". Data for the hospital incidence of MRSA were retrieved from the hospital microbiology database.
RESULTS
Between 1992 and 1997, our hospital incidence of MRSA has been consistently between 11 and 13% of all Staphylococcus aureus infections. During the oneyear period studied, there were 102 new nosocomial cases of MRSA in the hospital of which 27 were acquired in ICU. Twenty-three of these were identified in the three outbreak clusters. In the first cluster there were 10 patients, seven in the second and six in the third. The remaining four cases were sporadic ( Table 1) .
The mean age was 54 years with a range of 13 to 84 years. The admission categories were divided into 10 groups, with trauma the most common cause. The mean duration of ICU stay of MRSA positive patients was 20.3 days, with the range of three to 46 days. This contrasts with the mean stay in our unit of 3.5 days. Ten patients were considered to be colonized by MRSA and 17 to be infected. Fifteen patients were treated with vancomycin, while two patients were not treated as their other conditions were terminal. Five of the 27 MRSA patients died, all with multi-organ failure and none with overwhelming staphylococcal sepsis as the primary cause of death. Environmental swabs failed to grow MRSA from any specimen and were not repeated during the subsequent outbreaks.
During the one-year period, 17 of the 27 MRSA isolates were classed by PFGE and there were five MRSA types identified and assigned arbitrary groupings (A, B, C, F and H). During the same one-year period, there were eight strains identified within the hospital as A through to H. The most common ICU group was C (9/17 cases, 53%). There was only one cluster of group A MRSA isolated in geographically adjacent patients in adjacent cubicles over a period of three weeks and whose ICU stay overlapped. Type C predominated in the third cluster with a strong temporal link suggested, but no clear evidence for a geographical association by bed position.
DISCUSSION
Although MRSA is widely and rapidly disseminated globally in this era, individual strains are relatively stable over time. Genotypic tracing of a single nosocomial strain of Eastern Australian MRSA over 20 years utilizing the dendrogram showed remarkable stability in overall genetic make-up over this period 6 . However, sub-strains may proliferate with different antibiotic resistance profiles and subtly different genotypes 6, 10, 11 . Several phenotypic methods have evolved to classify emerging strains. These include the determination of the resistance of an organism to a large panel of antibiotics and/or heavy metals with phenotypes determined by resistance patterns. Phage typing utilizes the ability of bacteriophages to invade an organism (transduction), causing patterns of lysis that enable classification [12] [13] [14] .
Several methods of genotyping have been used including plasmid analysis 4, 14, 15 and a host of polymerase chain reaction primers have been developed to amplify targeted or random portions of the bacterial genome [16] [17] [18] [19] [20] [21] [22] . In the past decade, pulsed-field gel electrophoresis has emerged as the most accurate method for MRSA genotyping. In the abovementioned studies [14] [15] [16] [17] [18] [19] [20] [21] [22] it has consistently matched the ability of the other methods to type MRSA. Despite initial difficulty in standardizing interpretation techniques 23 , there is now consensus on PFGE interpretation 8 .
PFGE was useful in establishing the clonal identity of our ICU MRSA cases. Of the 17 PFGE-typed patients, we have demonstrated that most of our MRSA cases occurred in predominantly strainconcordant clusters, with sporadic cases the exception.
It was further helpful in establishing that these genotypes were the same as those occuring elsewhere in the hospital. No particular strains of MRSA were unique to the ICU, and all five ICU strains were found, as well as three others, amongst the 11 hospital MRSA specimens analysed by PFGE. This impacted directly on making our infection control policy more stringent regarding the measures to prevent the import of MRSA and other methicillin-resistant organisms into the unit by visitors and medical staff.
Genotyping of the MRSA clusters proved useful within the unit itself. In the first outbreak cluster, the predominance of genotype A in geographically proximal bedspaces suggested cross-infection between adjacent patients (Table 1) .This cluster was unusual in that we were able to identify a single high shedding index case with Stevens-Johnson syndrome who was the likely source of cross-infection with type A to other patients. The temporal link that associates the type C MRSA in the third cluster is more tenuous, but our unit policy encourages nursing staff to nurse a different patient each shift and the large number of visits to each patient daily by other unit staff makes it impossible to rule out transfer by a staff vector. Although patient 26 did not become infected with MRSA within the third outbreak period when applying our outbreak definition, the overlap in timing with the other genotype C cases would suggest acquisition during the outbreak period.
Genotyping of methicillin-resistant organisms has a further potential role in ICU outbreak investigation. If there is a persistent methicillin-resistant strain that is not held in check in spite of maximally enforced infection control procedures, an endogenous source is implied, with either staff or environmental factors being the likely candidates 24 . The two are not mutually exclusive. Although the value of environmental swabbing is still questioned 25 as it is timeconsuming, expensive and has a very low yield, it may be considered if a clonal MRSA genotype persists in 449 PULSED-FIELD GEL ELECTROPHORESIS IN ICU MRSA OUTBREAKS Anaesthesia and Intensive Care, Vol. 27, No. 5, October 1999 26 , evidence indicates that transmission from staff to patient has a very low incidence 27 and nasal and skin carriage are often transient 28 . However, this transient carriage may be sufficient to cause cross-infection. Longer-term staff carriage appears infrequent and usually occurs in the nasopharynx; decontamination may therefore prove difficult with the likelihood of recurrence higher than with other colonized sites 27, 28 . The screening of health care workers is timeconsuming and potentially disruptive. We feel that the sporadic nature of genotype C in our unit would not justify the search for carriers among our 120 medical and nursing staff members, although the temporal links within the third cluster without geographical proximity do suggest an endogenous ICU vector or persistent environmental reservoir. Had type C persisted in epidemic mode, staff swabbing would have taken place.
There are limitations to the application of pulsedfield gel electrophoresis genotyping in MRSA outbreak management. In spite of more rapid technology 29 , results still take five days. Furthermore, the technique is expensive and labour intensive and therefore less suited to the hospital where the endemic levels of MRSA are low, with infrequent MRSA and other methicillin-resistant organism epidemics. Given the time to strain identification and the need for further time to analyse retrospectively for MRSA type patterns, primary preventative measures in the outbreak setting, including the promotion of patient, staff, visitor and environmental hygiene and appropriate antibiotic usage are of paramount importance. Strategies to curtail methicillin-resistant organism outbreaks have been well documented and these measures are vital to contain immediate spread 26, 27, 30, 31 . A range of strict measures to control the importation of methicillin-resistant organisms and their dissemination within the ICU were instituted in our unit shortly after the first outbreak was declared and now form part of our unit policy on infection control.
We conclude therefore that pulsed-field gel electrophoresis genotyping of MRSA in ICU outbreaks provides an overview of the variety of genotypes involved, and provides information regarding the potential exogenous or ICU sources of infection. If a particular genotype is seen to persist in spite of stringent infection control measures, this may serve as a prompt for closer examination of staff or environmental factors. The utility of pulsed-field gel electrophoresis in MRSA outbreaks in the ICU is limited by its cost, particularly in smaller centres, and the retrospective nature of outbreak pattern analysis, but is nonetheless a useful tool for audit of ICU infection control policy.
